Abstract: Holstein cows' fertility has decreased in the last decade, creating a need for new management methods to improve the reproductive performance which in this case was defined by pregnancy rates and number of artificial inseminations (AI) per pregnancy. Previous studies showed that deliberately delaying rebreeding until after peak lactation can improve reproductive performance compared with the traditional rebreeding in early lactation. The objective was to compare the reproductive performance of cows in consecutive lactations of different lengths. The reproductive performance (pregnancy rate and number of insemination to pregnancy) of 62 Holstein cows involved in a 16 months extended lactation trial was recorded and compared with the reproductive performance of the previous and following 10 months lactation of the same cows. It was hypothesized that a late rebreeding (at eight months, 16 months lactation) will improve the reproductive performance compared with an early rebreeding (at two months, 10 months lactation) in the previous lactation, and it will have no negative effect on the reproductive performance in the following lactation with an early rebreeding. The results showed that the pregnancy rates were similar for the 16 months lactation and the previous and following 10 months lactations, while the number of AI to pregnancy was increased in the 10 months lactation, following by the 16 months lactation. The use of the double AI technique did not improve pregnancy rates compared with a single AI per estrus, and induced confusion, as how to report the herd reproductive performance. To conclude, the reproductive performance was similar between the heifers, primiparous and multiparous cows, and between 10 months and 16 months lactations.
Introduction


During the last decades, Holstein cow's milk production has increased and fertility has decreased [1, 2] . More artificial inseminations (AI) in successive estruses are now needed to obtain pregnancy which is then involuntarily delayed [3] . This increase of reproductive failure and number of AI needed per pregnancy might be partly due to a decrease of estrus behavior, which makes it difficult to detect estrus and to inseminate the cow at the right stage [4] . This also indicates a negative correlation between estrus duration and genetic selection for milk yield [5] . Thus, new management methods to improve reproductive performance are needed. Delayed insemination might be of interest. A study found that deliberately delaying rebreeding until after peak lactation improved Correponding author: Charlotte Gaillard, Ph.D., research field: dairy science.
pregnancy rates compared with rebreeding in early lactation [6] . In that case, the first AI occurred in a period of more positive or less negative energy balance compared with the early lactation period [7, 8] . Furthermore, the return to estrus had become regular compared to the early lactation period [7] , which facilitated estrus detection. The use of delayed AI also increased the number of cows' expressing estrus behavior at time of AI [9] . Nevertheless, the effect of delayed AI on the reproductive performance of the following lactation has not been studied up to now. Thus, the objective of the present study was to compare the reproductive performance of cows in consecutive lactations of different lengths, i.e., insemination at different time from calving. The reproductive performance was defined by the number of AI per pregnancy and the pregnancy rates. It was hypothesized that the pregnancy rates will be higher for the 16 months lactation compared with the D DAVID PUBLISHING previous 10 months lactation, and that the extended lactation will not have a negative effect on the reproductive performance in the following 10 months lactation.
Material and Methods
Facilities and Animals
A 16 months extended lactation (EL) trial was performed at the Danish Cattle Research Centre at Aarhus University, Foulum. The 62 Holstein cows involved in the experiment were housed in one group pen on slatted concrete floors with cubicles equipped with mattresses and sawdust bedding. The cows had access to water and an automatic milking system (AMS; DeLaval AB, Tumba, Sweden) and were fed partially mixed rations with complementary concentrates supplied during visits in the AMS. More information on the setting of the experiment during the extended lactation, details about the rations and milk production can be found in the study of Gaillard et al. [10, 11] . 
Double Insemination Technique
In this data set, it was observed that some heifers (6 among 17), primiparous (13 lactations among 47) and cows (51 lactations among 98) were inseminated two times around a given estrus day, with on average 2 d between these two inseminations. This double AI technique could increase the pregnancy rates, so the 1 Calving interval = lactation period + dry period. 2 Estrus_AI: number of insemination at estrus, not counting the double AI at estrus. 3 Total AI: total number of AI per pregnancy, counting the double AI at estrus. 4 Estrus_PR 1 or PR 2 : pregnancy rates at first and second AI (with the first AI defined as estrus_AI). 5 Total PR 1 or PR 2 : pregnancy rates at first and second AI (with the first AI defined as total AI).
technique (single or double) was included as a factor in the analysis of the reproductive performance ( Table 2) . The herdsmen's decision to inseminate a cow twice was based upon if the cow stayed in heat the days following the first AI. There were no other criteria used to decide when to apply this double AI technique. The number of cows assigned to single or double AI per lactation group is given in Table 1 . Two variables were used to define the number of AI per pregnancy: the total number of AI per pregnancy (total_AI) which counts the double AI at estrus, and the number of estrus inseminated (estrus_AI) does not counts the double AI at estrus and only counts the number of estrus where AI was used. The same codes were used to define the pregnancy rates (PR) at first and second AI, depending on the definition of the first AI (total_PR or estrus_PR).
Statistical Analysis
The statistical analysis was made using R version 3.0.0 [12] . The factors taken into account were the age of the cows (parity), the lactation type and group, and the AI technique. The parity was defined by three levels: heifers (parity 0), primiaprous (parity 1) and multiparous (parity 2+). A variable "lactation type" was defined with three levels, "0" for the non-lactating heifers inseminated, EL and the normal 10 months lactations (NL) grouping into the PL and FL ( Table 2) . As there was no interaction between the factors (parity, lactation group, lactation type) presented in Table 2 , a simple linear mixed-effects model was used to test the effects of one factor at a time on the total_AI, estrus_AI, and on the length of the calving interval. A chi-square test was used to determine the effect of parity, lactation group, lactation type and AI technique on the pregnancy rates at first and second AI.
Results and Discussion
Number of Inseminations
The number of AI per pregnancy was different among PL, EL and FL group (P = 0.03). The results show that the number of AI per pregnancy was slightly lower for EL compared with PL (-0.1 for estrus_AI or total AI), however this difference was not significant (P = 0.9). This is partly in accordance with Larsson and Berglund [13] who found that delaying which is in accordance with Christiansen et al. [14] .
The parity had no effect on the number of AI per pregnancy (P = 0.38 for estrus_AI, and P = 0.18 for total_AI). These results indicate that even though the number of AI increased in FL, it is not different from the number of AI in PL, so there is no negative effect of EL on the number of AI in FL.
Pregnancy Rates
There was no difference in pregnancy rates at first and second AI between the lactation groups ( Table 1 ).
This result is in accordance with Bertilsson et al. [15] and Gaillard et al. [16] , who found no differences in pregnancy rates between a 16 months and a 10 months Table 2 Factors and levels studied. lactation. Nevertheless, other studies, like Kolver et al. [17] , Larsson and Berglund [13] and Schindler et al. [6] , found an improved pregnancy rate with use of extended lactation. The estrus_PR results in this paper are similar to those of Schindler et al. [6] : the pregnancy rate at first AI increased from 50% to 58% for PL to EL, respectively, and decreased from 58% to 53% for EL to FL, respectively.
Double Insemination
The lactation group had no effect on the pregnancy rates. Higher pregnancy rates were observed for the 91 lactations where the cows received a single AI at estrus, compared with the 71 lactations where the cows received a double AI at estrus (60% vs. 45% pregnant at first AI, P = 0.05, and 64% vs. 23% pregnant at second AI, P < 0.01) ( Table 3 ). The double AI technique did not improve the pregnancy rates, which is in accordance with Wilcox and Pfau [18] and Stevenson et al. [19] , who found no benefits of the double AI technique (+2.5% but non-significant result and +1.4% with P = 0.3, respectively). Trimberger and Davis [20] observed a slight increase in pregnancy rate (+1.5%) while using the double insemination technique, but did not recommend it as it is "impractical" for a too small benefit. The results in this paper suggest that the pregnancy failure does not arise from an estrus detection problem per se but from another unidentified fertility problem which might be a failure to ovulate or to an inappropriate pattern of ovarian cyclicity [21] .
Conclusions
To summarize, during a 16 months extended lactation, the number of AI per pregnancy and the pregnancy rates after first and second AI were not different from those of the previous 10 months lactation. The number of AI per pregnancy slightly increased for a 16 months lactation. However, the number of AI of the 10 months lactation following an extended lactation was not different from that of the previous 10 months lactation. The double AI technique did not improve pregnancy rates compared with the use of one AI per estrus, and its use induced confusion as how to report the herd reproductive performance. To conclude, the reproductive performance was not influenced by delayed rebreeding, and the extended lactation had no negative effect on the reproductive performance in the following lactation. Nevertheless, further investigations with larger herds should be carried out to better assess the possible improvement in pregnancy rates with the use of extended lactation.
